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Summary
Objective: Knee osteoarthritis (OA) is common in older adults. Determination of risk factors for onset of knee OA may help in its prevention.
The objective of this systematic review, and meta-analysis, was to determine the current evidence on risk factors for knee OA.
Design: A systematic literature search was carried out for cohort and caseecontrol studies evaluating the association of demographic, comor-
bid, and other patient-determined factors with onset of knee OA. A scoring tool was developed to assess the quality of studies. Heterogeneity
of studies was examined. Where possible studies were pooled to give an overall estimate of the association of factors with onset of knee OA.
Results: Of the 2233 studies screened, 85 were eventually included in the review. Study quality tended to be moderate. The main factors
consistently associated with knee OA were obesity (pooled OR 2.63, 95% CI 2.28e3.05), previous knee trauma (pooled OR 3.86, 95% CI
2.61e5.70), hand OA (pooled OR 1.49, 95% CI 1.05e2.10), female gender (pooled OR 1.84 95% CI 1.32e2.55) and older age. Smoking
appeared to have a moderate protective effect, however this was not evident once the analysis was restricted to cohort studies only.
Conclusions: Whilst certain factors have been extensively reviewed (for example, body mass index), more longitudinal studies are needed to
investigate the association of physical occupational and other patient-determined factors with future knee OA. The quality of such studies also
needs to be improved. However, there are identiﬁable factors which can be targeted for prevention of disabling knee pain.
ª 2009 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Symptomatic (self-reported knee pain) and radiographic
osteoarthritis (OA) of the knee are common in the older
age groups. The knee is the site most affected by joint
pain in older adults where it is usually attributed to OA in
this age-group1,2. Up to a half of people aged 50 and
over report having knee pain during the course of a year,
and a quarter have severe and disabling knee pain3. De-
velopment of knee pain can herald a substantial and per-
sistent reduction in the ability to undertake everyday
activities4,5. The high prevalence of knee OA, and its im-
pact on physical functioning and quality of life, means
that identifying approaches to prevention should be a public
health priority.
There have been no comprehensive systematic reviews
of risk factors for onset of knee OA (deﬁned either symp-
tomatically or radiographically). Despite the plethora of
studies which have investigated risk factors for knee OA,
a recent review of reviews found only four systematic re-
views on risk factors for knee OA, three of which examined
physical workload and one on oestrogen replacement*Address correspondence and reprint requests to: Milisa
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24therapy6. The authors concluded by stating there were no
systematic reviews available on risk factors for knee OA,
such as injury and overweight, despite a number of primary
research studies examining them.
In order to assess the current evidence on risk factors for
the incidence of knee pain or knee OA in the elderly, we
have carried out a systematic review and meta-analysis.
We have concentrated on demographic, comorbid, previous
knee events and other patient-determined factors which can
be easily measured in a non-clinical setting.MethodsSEARCH STRATEGY AND STUDY SELECTIONComputerised bibliographic databases were searched for studies pub-
lished between 1960 and third January 2008. The databases searched
were MEDLINE, EMBASE, the Cumulative Index to Nursing and Allied
Health Literature Database (CINAHL), and the Allied and Complementary
Medicine Database (AMED). Other websites searched included the Co-
chrane Library, National Institute for Clinical Excellence, National Electronic
Library for Health e musculoskeletal specialist library, Arthritis Research
Campaign, Arthritis Care, Arthritis and Musculoskeletal Alliance, and Arthritis
Foundation (US) National Ofﬁce.
Searches were made in the titles, abstracts and keywords for combina-
tions of the following terms: knee, OA, pain, disab*, risk, prognos*, predict*,
cohort*, prospective. The full search strategy is available on the journal’s
website.
The list of references of all identiﬁed relevant studies were also searched.
No contact was attempted with authors. The criteria for selection are pre-
sented in Table I.
Table I
Criteria for selection of studies in review
Inclusion criteria
English language
Quantitative studies: prospective cohort studies or retrospective caseecontrol studies
Outcome of onset of knee OA, knee pain, knee disability or physical limitations relating to knee or radiographic knee OA
Mean age at follow-up of 50 plus or age-stratiﬁed analysis with 50þ strata
Risk factors must be demographic, socio-economic, comorbid, previous knee events (e.g., injury, operation),
and other patient-determined factors
Exclusion criteria
Knee pain related to other musculoskeletal conditions e.g., rheumatoid arthritis, rheumatism
Animal studies
Studies on amputees
Clinical risk factors or outcome including proprioception, muscle strength, alignment, cartilage loss
Conference abstracts
Not an original study (e.g., editorial or literature review)
Non English language
Cross-sectional studies
Studies in those with previous trauma/injury without general population comparator group
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excluded. In order to obtain risk factors applicable to the older age group
where OA is the most likely reason for knee pain, the mean age of the pop-
ulation at follow-up time point had to be 50 years or greater for inclusion. Ini-
tially three of the four authors reviewed all identiﬁed abstracts to assess
possible eligibility. Disagreements were resolved by consensus. Two of the
four authors then reviewed all remaining papers to assess whether they
should be included in the ﬁnal review. Again disagreement was resolved
by consensus.METHODOLOGICAL QUALITYTo assess the methodological quality of the included papers, a quality as-
sessment tool, adapted from Mallen et al.7 and Van Dijk et al.8 was used
(Table II).
One point was allocated if a criterion was met. No points were awarded if
the criterion was not met or there was not enough information to say whether
the criterion was met. The quality tool covered issues relating to both internal
and external validity. In order to ensure studies allowed for a reasonable
level of confounding, studies which examined at least two factors from at
least two of the following domains (knee-related, general health, demo-
graphic) were awarded a point9,10. All studies were scored by MB and by
one of KJ and CJ using a standardised electronic form. After the ﬁrst 10 pa-
pers were reviewed, consistency of scoring was checked. For each study,
a total quality score was calculated by summing up all rated items (maximum
score 14 points). All three reviewers discussed and resolved disagreements
through consensus. The intraclass correlation coefﬁcient (2, 1)11 was used toTable I
Quality assessment tool and number (%
Criteria
Clearly deﬁned and appropriate study objective
Prospective study design
Inclusion and exclusion criteria are clear and appropriate
Representative sample e.g., general population sample should not exclu
All subjects aged 50 or over at follow-up
Sample size calculation given or 20 subjects per variable included in m
Appropriate and validated outcome measure
Two prognostic factors used from each of at least two domains of knee-
general health and demographic9,10
Length of follow-up 36 months
Baseline response 70%
Loss and dropout at follow-up <25%
Adequate description and discussion of drop-outs
Appropriate analysis
Adjusted results given with CI (if appropriate)determine level of reliability in quality scores between the ﬁrst and second
reviewers.DATA EXTRACTIONEffect sizes (odds ratios, relative risks or hazard ratios) were extracted or
calculated from original studies where this was possible. Many studies re-
ported effect sizes for men and women separately and these subgroups
were merged via inverse variance pooling before entering the meta-analysis.
That is, the gender effects were weighted based on the relative variance of
effect size in the two gender groups. There was a considerable variation in
the reported outcomes and the terminology used to describe knee OA, but
they generally fell into symptomatic or radiographic (or both) groups.
We accepted the original deﬁnitions of symptomatic or radiographic from
each paper. Symptomatic OA was generally based on patient’s self-report of
their knee problems, typically of pain although occasionally this also included
stiffness or functional problems. Radiographic OA was generally based on
a Kellgren and Lawrence (K/L) score of 2 or more. If OA was deﬁned based
on both self-report and radiographic evidence, then we classiﬁed it as being
both symptomatic and radiographic-based.
When several radiographic outcomes for the incidence of knee OA were
provided, those based on the increase in K/L score were used. When results
on both the incidence of knee OA and incidence of severe knee OA are re-
ported, the former was used.
For risk factors that were included in more than one paper from the same
study, the results from the paper reporting the longest follow up were in-
cluded in the meta-analysis, or if follow-up length was the same, the most re-
cently published paper was included.I
) of studies achieving each criteria
n (%) of studies achieving criteria
82 (97)
40 (47)
60 (71)
de subgroups 27 (32)
37 (44)
ultivariate analysis 75 (88)
69 (81)
related, 33 (39)
45 (53)
19 (22)
17 (20)
22 (26)
73 (86)
75 (88)
26 M. Blagojevic et al.: Onset of knee OA: a systematic reviewMETA-ANALYSISFor risk factors that had a consistent deﬁnition and where results were
reported in a similar fashion across several studies, a meta-analysis was
performed to obtain a pooled estimate of the size of the risk factor.
The Cochran Q statistic was derived to assess the presence of heteroge-
neity in studies assessing the same risk factor. A small number of studies
considered each risk factor, hence we assumed heterogeneity up to a two-
sided P-value of 0.05. Also, the I 2 statistic was computed, representing the
proportion of total variation in study estimates that is accounted for by hetero-
geneity12. For risk factors where studies could be considered homogenous,
meta-analysis using a ﬁxed-effects (no signiﬁcant inter-study variation)
model based on the inverse variance approach was used. Otherwise the ran-
dom-effects approach of DerSimonian and Laird13 was employed. A pooled
effect size weighted by the quality score was also determined.
Where random-effects meta-analysis was performed, possible sources of
heterogeneity in effect sizes were investigated. The log odds ratio for the
study was used as the dependent variable and study characteristics entered
as the independent variables in separate meta-regressions. Sources of po-
tential heterogeneity explored were quality score, recentness of publication
(deﬁned as year of publication pre-2001 or 2001 onwards), study type (pro-
spective cohort vs caseecontrol/retrospective) and deﬁnition of knee OA (ra-
diographic vs symptomatic or symptomaticþ radiographic). A sensitivity
analysis was then performed by stratifying the meta-analysis by study design
(cohort or caseecontrol) to further assess the impact of type of design on
effect sizes.
For body mass index (BMI), normal BMI was deﬁned as <25, overweight
as 25e30 and obesity as >30. For studies where BMI was analysed on the
continuous scale, effect sizes were converted to be per ﬁve units to reﬂect
overweight BMI of 28 against a normal BMI of 23, and per 10 units to reﬂect
an obese BMI of 33 against a normal BMI. In a further analysis where pos-
sible, overweight and obese categories were combined weighting for the cat-
egory size.
For smoking, pooled odds ratio (ORs) were based on current smoking
against never smoked, or ever smoked against never if no separation was
made between current and ex-smoking. Where results were analysed by
heaviness of smoking, the results for light/moderate smoking compared to
none were used.
Funnel plots, which plot the log of the effect size against the log standard
error of the effect size, were used to assess publication bias. Symmetry of
funnel plots was tested using Egger’s test14, establishing statistical signiﬁ-
cance at P< 0.05.ResultsSTUDY CHARACTERISTICSTwo thousand two hundred and thirty three articles were
identiﬁed using our search strategy, 1780 were excluded at
abstract stage. Finally, 85 papers were included in this re-
view (see Appendix). The intraclass correlation coefﬁcient
showed satisfactory reliability between the ﬁrst and second
reviewers (0.66; 95% CI 0.52, 0.77). The mean quality
score was 8.08 (S.D. 2.18, range 2e14). Fifty six (66%)
studies scored 8, but only 19 (22%) scored 10. There
was no difference in quality score between those studies
published more recently (2001 onwards) to those published
earlier (mean difference 0.3; 95% CI 0.6, 1.3). Table II de-
tails the number of studies meeting each criterion. Baseline
response of at least 70% (22% of studies achieved this cri-
teria), loss to follow-up of less than 25% (20%) and ade-
quate discussion of dropout (26%) were the main areas of
poor quality. 86% of all prospective studies had a follow
up greater than 36 months.
Forty two (49%) studies were prospective studies. Fifty
one (60%) studies used a radiological deﬁnition of knee
OA as their outcome, 8 (9%) used only a symptomatic def-
inition of knee OA and the remainder used a combination of
the two. Thirty two (38%) studies were from the USA, 45
(53%) from Europe and the rest from elsewhere.STUDY RESULTSFor ﬁve factors (BMI, previous knee injury, smoking, gen-
der, and Heberden’s nodes/hand OA), a pooled OR wasdetermined. All the risk factors showed substantial hetero-
geneity between studies, hence random-effects models
rather than ﬁxed effects were used to pool the ORs across
all studies. In each case, the pooled OR weighted for quality
score was similar, though generally with narrower conﬁ-
dence intervals, to that for the random-effects model
weighted by the inverse variance method (Table III). The
latter is reported below.
As judged by Egger’s test, there was no evidence of pub-
lication bias being present at 5% signiﬁcance level for any
of the factors apart from gender (P¼ 0.022).BMIThirty six papers reported on BMI15e50. Nine studies
combined overweight or obesity and 11 gave results on
a continuous scale. Three papers were from the same
study so only one22 of these was included in the meta-
analysis. All studies assessing BMI showed being over-
weight and obese to be risk factors for future knee prob-
lems, although the size of the effects varied (I 2¼ 99%
for overweight; 97% for obesity). The random-effects
pooled odds ratio for being overweight compared to normal
weight was 2.18 (95% CI 1.86, 2.55); for obesity compared
to normal weight it was 2.63 (2.28, 3.05); and for over-
weight or obese compared to normal weight it was 2.96
(2.56, 3.43). One study also found that increasing from nor-
mal to overweight during adult life may give a slightly
higher risk of developing knee OA leading to arthroplasty
than being constantly overweight during adult life36. An-
other study found that among women at an elevated risk
of OA due to high BMI, weight loss decreased this risk
substantially34.
Figure 1 shows the variation in odds ratios across studies
for obesity. For studies reporting gender-speciﬁc results, ef-
fect sizes tended to be slightly larger for females than males
whilst the meta-regression results suggested some evi-
dence that effects of obesity were slightly larger when the
knee OA was deﬁned radiographically (P¼ 0.05), and for
caseecontrol studies (P¼ 0.008). Restricting the meta-
analysis to cohort studies only led to a slight reduction in
the pooled effect sizes but no change in overall
conclusions.
Three further studies found highest body weight in the
past to be a signiﬁcant risk factor for knee OA, however
the studies lacked height adjustments hence were excluded
from the meta-analysis51,52,54.PREVIOUS KNEE INJURYOf the 16 studies investigating previous knee injury,
all but two concluded that it was an important risk fac-
tor19e23,25,26,30,31,33,48,51e55. There was a large amount of
heterogeneity (I 2¼ 88%) in study effect size estimates
and the random-effects pooled OR was 3.86 (95% CI
2.61, 5.70). Meta-regression did not show any factors which
explained any of the heterogeneity. Performing the meta-
analysis on cohort studies only gave a slightly lower pooled
OR: 3.17 (95% CI 1.67, 6.03; n¼ 8).SMOKINGThe categorisation of smoking varied and where possible
currently smoking vs never was used as the contrast of
interest. There was mixed evidence for
smoking15,18,19,22,27,30,33,37,40,43,44,48,50,54,56e59, with the 18
Table III
Pooled odds ratios for most commonly investigated risk factors
Factor No. of
papers
No. of
subjects*
P-value for
heterogeneity
I 2 Random-effects
pooled OR (95% CI)
Pooled OR weighted
by score (95% CI)
BMI
Overweight
Caseecontrol 8 8702 <0.001 96.1% 2.22 (1.78, 2.77) 2.59 (2.23, 3.00)
Cohort 15 630,824 <0.001 98.9% 2.13 (1.71, 2.64) 1.96 (1.79, 2.14)
Overall 23 639,526 <0.001 98.5% 2.18 (1.86, 2.55) 2.13 (1.98, 2.30)
Obese
Caseecontrol 5 4530 <0.001 92.9% 4.25 (3.15, 5.73) 5.54 (4.34, 7.09)
Cohort 12 342,258 <0.001 95.1% 2.22 (1.91, 2.57) 2.37 (2.13, 2.64)
Overall 17 346,788 <0.001 96.7% 2.63 (2.28, 3.05) 2.89 (2.61, 3.20)
Overweight/obese
Caseecontrol 10 6751 <0.001 93.3% 3.79 (3.02, 4.75) 4.56 (3.72, 5.59)
Cohort 16 346,330 <0.001 98.9% 2.60 (2.14, 3.17) 2.66 (2.26, 3.17)
Overall 26 353,081 <0.001 98.6% 2.96 (2.56, 3.43) 3.16 (2.78, 3.59)
Previous knee injury
Caseecontrol 8 6313 <0.001 83.9% 4.58 (2.71, 7.74) 4.70 (3.47, 6.36)
Cohort 8 10,433 <0.001 91.1% 3.17 (1.67, 6.03) 2.76 (1.82, 4.20)
Overall 16 16,746 <0.001 87.8% 3.86 (2.61, 5.70) 3.48 (2.65, 4.57)
Smoking
Caseecontrol 8 7047 0.805 0% 0.60 (0.51, 0.71) 0.66 (0.53, 0.83)
Cohort 10 337,700 0.161 30.9% 0.97 (0.88, 1.07) 0.98 (0.86, 1.13)
Overall 18 344,747 <0.001 60.9% 0.84 (0.74, 0.95) 0.84 (0.74, 0.94)
Gender
Caseecontrol 2 2488 0.454 0% 1.86 (1.35, 2.56) 1.83 (1.33, 2.52)
Cohort 6 7865 <0.001 88.5% 1.85 (1.23, 2.77) 1.93 (1.61, 2.32)
Overall 8 10,353 <0.001 85.3% 1.84 (1.32, 2.55) 1.91 (1.63, 2.24)
Heberden’s nodes
Caseecontrol 4 3207 0.001 81.6% 1.41 (0.80, 2.47) 1.40 (1.08, 1.81)
Cohort 4 2902 0.176 39.3% 1.55 (1.01, 2.40) 1.71 (1.14, 2.54)
Overall 8 6109 0.003 67.1% 1.49 (1.05, 2.10) 1.58 (1.21, 2.05)
*There was a large prospective study40, which included 320,192 subjects in the analysis, hence difference between number of patients in
caseecontrol and cohort studies for certain factors is increased.
27Osteoarthritis and Cartilage Vol. 18, No. 1studies varying between having no effect on future knee
problems and a protective effect (Fig. 2).
The pooled OR suggested a small protective effect of
smoking (0.84; 95% CI 0.74, 0.95). Meta-regression sug-
gested caseecontrol studies (P< 0.001) and studies with
knee pain deﬁned radiographically (P¼ 0.003) showed
a greater protective effect.
However, ignoring caseecontrol studies, the pooled OR
was 0.97 (95% CI 0.88, 1.07; n¼ 10), suggesting that no
protective effect of smoking was found when restricting
the analysis to cohort studies only.GENDERGender was often used as an adjustment factor and
gender-speciﬁc effect estimates were rarely reported.
Therefore, some caution is needed as this review of gender
as a risk factor necessarily does not include all studies
which used it. However, in the nine studies that reported
the gender effect size17,22e24,43,45,60e62, there was general
agreement that females were more likely to develop knee
problems than males (pooled OR 1.84, 95% CI 1.32,
2.55). One paper was excluded from the meta-analysis60,
in order to avoid duplication of papers from the same study.
This was consistent with higher incidence rates of knee OA
in women than men in a study set in primarily blue-collar
workers in the USA63.Results remained almost unchanged when the meta-
analysis was performed on cohort studies only.HEBERDEN’S NODES/HAND OAFive of the eight studies evaluating Heberden’s nodes
and/or hand OA suggested this was a risk factor for future
knee problems18,22,25,26,30,33,45,64. The pooled OR was
1.49 (95% CI 1.05, 2.10) and no factors were identiﬁed in
the meta-regression that could account for substantial het-
erogeneity (I 2¼ 67%).
Including cohort studies only in the meta-analysis did not
change the ﬁndings.AGEIt was not possible to pool the effect sizes for age
due to different categorisations of age-groups and differing
age ranges between the 15 studies which reported
results17,19,23,24,27,35,37,43,45,50,57,61e63,65. A number of stud-
ies assumed the effect of age on knee pain was linear. As
with gender, a number of studies adjusted for age without
giving the age effect size. All studies showed increasing
age to be a risk factor although studies tended not to
explore the very old. One study which detailed age-speciﬁc
incidence rates of knee OA showed increased incidence
Fig. 1. Forest plot of effect of obesity on onset of knee OA.
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number of subjects were small in the older age group63.OCCUPATIONAL ACTIVITIESFive papers looked at the effect of general occupational
physical workload/stress and gavemixed results20,43,52,57,66.
These were generally caseecontrol studies, although the
few prospective studies provided similar ﬁndings.
Speciﬁc activities examined in the studies suggested
from limited evidence a protective effect of sitting (>2 h
per day)25,42,45,51,66. There was some evidence of an in-
creased risk for excessive kneeling18,20,25,31,45,51,66e68,
squatting25,51,66e68, climbing steps20,25,51,54,66,67, stand-
ing (>2 h per day)20,25,45,51,66 and lifting18,20,25,45,51,54.
One paper investigated effects of jobs requiring knee
bending and found it to be a signiﬁcant risk factor69.
There was little evidence of an association of future
knee problems with either excessive driving20,25,51 or
walking20,21,25,30,33,45,51,54. There was some evidence
that speciﬁc occupations were risk factors for knee pain,
for example, farming66,70e72, construction work66,72 and
physical education teaching73.PHYSICAL ACTIVITY/EXERCISEWhilst many studies examined physical activity, running
and exercise, deﬁnitions varied19e22,26,27,30,33,35,45,57,74e83.This led to mixed evidence on its effect. Higher quality
scores studies, which tended to be cohort studies, gener-
ally suggested an increased risk of knee OA in those
who exercise more regularly or intensely. Studies looking
speciﬁcally at sportsmen/women (e.g., soccer players,
weight lifters) reported a higher risk in these
groups31,65,83e86, with one small lower quality study being
the exception87.OESTROGEN USESix studies suggested oestrogen use to be protective,
though non-signiﬁcant, factor18,30,50,59,88,89. One casee
control study suggested it was a reasonably strong risk
factor44.ORAL CONTRACEPTIVESThe three studies examining oral contraceptive use indi-
cated there was unlikely to be an association with onset
of knee OA18,44,59.BONE MINERAL DENSITY (BMD)There was a consistent strong association of increased
BMD being related to onset of knee OA in the three studies
that investigated this risk factor in women92e94.
Fig. 2. Forest plot of effect of smoking on onset of knee OA.
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factor were consistent in suggesting there may be a modest
association of hysterectomy with onset of knee OA, al-
though all three results were non-signiﬁcant30,59,90.HYPERTENSIONThere was mixed evidence of the association of hyper-
tension with onset of knee OA with two cohort studies inves-
tigating it showing a signiﬁcant positive association39,43 and
one caseecontrol study revealing no signiﬁcant effect of
hypertension33.DEPRESSION/MENTAL HEALTHThere is some limited evidence from two studies that de-
pression or poor mental health is a risk factor for onset of
symptomatic knee OA43,91.MENISCECTOMYThree related studies comparing those who had under-
gone meniscetomy up to 22 years previously to a control
group showed an increased risk of knee OA in the operated
group95e97.OTHER FACTORSOther, albeit high (score 9) quality studies evaluated
hypermobility (protective)98, education (no association)43
and social class (professional ranks had higher risk)30.
However, more evidence is needed for all these factors.
Independent of BMD, a study in women suggested a prior
fracture led to a decreased risk of onset of knee OA94.
People with index ﬁnger shorter than the ring ﬁnger had
an increased risk of knee OA in one further study99.Discussion
This systematic review and meta-analysis indicates in-
creased BMI, previous knee injury, presence of Heberden’s
nodes/hand OA, female gender, older age, intensive phys-
ical activity, certain physical occupational activities (e.g.,
kneeling, squatting) and increased BMD to be risk factors
for the onset of knee OA in older adults. There is some lim-
ited evidence to suggest poor mental health and hysterec-
tomy may also be linked to onset of knee OA. Oestrogen
use generally appeared to have protective, though insignif-
icant, effect on OA onset. Sitting for more than 2 h a day
seems to decrease the risk of incident knee OA. However,
there were a number of factors for which the evidence is too
limited to be able to ascertain its strength of association with
onset of knee OA.
30 M. Blagojevic et al.: Onset of knee OA: a systematic reviewPooling results from caseecontrol and cohort studies
suggested smoking may decrease the risk of incident
knee OA. However, this result was not apparent when re-
stricting the analysis to cohort studies and, hence, may
not be a true effect. Some studies have suggested that
smoking may delay cartilage destruction22,56. However,
the possibility of a protective effect of smoking needs to
be investigated further as there appears to be no current
clear biological explanation.
There was a suggestion of some publication bias for gen-
der, therefore some caution is needed on the conclusions
for gender. A number of studies adjusted for gender without
reporting the relationship of gender to onset of knee OA and
it may be that these were less likely to show an effect of
gender.
Whilst certain factors have been extensively reviewed
(e.g., BMI), more longitudinal studies are needed to investi-
gate the association of comorbid, occupational, and socio-
demographic factors with future knee OA. In our recent
prospective study, published after the ﬁnal date for inclusion
into this review, we also found depression to be a risk factor
for onset of knee pain12.
The quality of studies could be improved in future by pay-
ing particular attention to maximising response and follow-
up rates and ensuring potential confounders (such as the
factors identiﬁed here) are also measured.
We have not distinguished between knee pain and knee
OA as in the older age group the majority of knee pain is at-
tributed to OA. However there is evidence to suggest that
the effects of obesity and smoking are greater when knee
OA is deﬁned radiographically.
Comparison of our ﬁndings with that investigating risk fac-
tors for onset of hip OA suggest that risk factors are similar,
with obesity, and certain occupational and sporting activities
also found to be related to onset of hip OA, and oestrogen
possibly showing a protective effect8.
Our review does have some limitations. Our quality scor-
ing tool was developed by combining two previous
methods, and has not been rigorously tested. However,
we did ﬁnd satisfactory reliability between the ﬁrst and sec-
ond reviewers. Also it weights each quality item equally
which may not be appropriate. However, it is of interest to
note that the pooled ORs weighted by quality score were
similar to random-effects pooled ORs weighted by inverse
variance. Part of our future methodological work will involve
methods of weighting by individual quality items as well as
methods weighting for inverse of the variances and quality
scores jointly.
Our meta-analysis was limited by the small number of
studies for most risk factors. Similarly, detection of sources
of heterogeneity was hindered by the same problem. This
led to a lack of power for conducting analyses to study sour-
ces of heterogeneity and therefore can only give a guide to
reasons for heterogeneity.
Cohort and caseecontrol studies were generally consis-
tent in their direction of ﬁndings (except for smoking), al-
though caseecontrol studies tended to give larger effect
sizes.
We have not assessed in detail the effect of different
deﬁnitions of the risk factors across the studies, simply
due to the extent of variability and the small number of
studies investigating each risk factor. This was particularly
true for physical activity and so we have not attempted to
perform a meta-analysis for this potential risk factor. We
have also not allowed for different follow-up periods again
because the prospective studies varied in their follow-up
period, and the caseecontrol studies had longer, but alsovaried recall periods. The degree of adjustment for con-
founding variables also varied from study to study. Hence
the pooled risk estimates calculated in the meta-analysis
here may include some confounding of the true relation-
ship between risk factors and knee OA. An example of
this may be the relationship of smoking status with BMI,
as current smoking has been shown to be related to a lower
BMI100. Not all studies examining smoking reported adjust-
ing for BMI.
It would therefore be of interest to investigate any evi-
dence of interactions between risk factors, for example ef-
fects of smoking in obese vs non-obese individuals,
however due to insufﬁcient number of studies reporting
such detailed ﬁndings, it was not possible to pursue this.
We only searched for English language articles and re-
stricted our search of risk factors to those which are pa-
tient-determined, socio-demographic, previous knee
events or comorbid conditions. That is, those factors which
are more easily identiﬁable in the general population. This
excludes clinical factors such as cartilage loss and genetic
markers.
This review is concerned with onset of knee OA, and it
is possible that the risk factors for progression are differ-
ent. Belo et al. performed a systematic review of pro-
gression of knee OA using 37 studies published up to
the end of 2003101. In contrast to this review, they con-
cluded that gender and previous knee injury were not re-
lated to progression. Their main determinants were
generalised OA and level of hyaluronic acid. Van Dijk
et al. suggested that BMI and older age were risk factors
for worsening functioning in knee OA, and no associa-
tion was concluded for gender, physical activity, and
comorbidity10.
The implications of this review are that there are fac-
tors which are easily identiﬁable and therefore patients
with these risk factors can be targeted for prevention of
disabling knee pain. In particular, targeting obesity, those
with knee injury and those with hand OA would be ben-
eﬁcial. Treatment of comorbidities like depression and
hypertension may also reduce risk of future knee
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